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ORGANOMETALLIC  NLO  POLYMERS.  LINEAR  MAIN- 
CHAIN  NLO  POLYMERS  OF  FERROCENE 


Michael  E.  Wright*  and  Edward  G.  Toplikar 


Department  of  Chemistry  &  Biochemistry, 
Utah  State  Unhxrsity,  Logan,  Utah  84322-0300 


IntroducJon 

The  discovery  of  ferrocene  over  four  decades  ago  marked 
the  beginning  of  organomelallic  chemistry.'  The  ferrocene  unit 
has  proved  itself  to  be  a  versatile  building  block  with  excellent 
thermal  and  photochemical  stability.’  Poiymeric  materiais 
which  contain  organometallic  moieties  have  become  a  well 
developed  and  mature  subdiscipiine  of  polymer  chemistry.’ 
The  ferrocene  unit  has  been  incorporated  into  polymers  as  a 
pendant  group*  and  also  as  part  of  the  pol3rmer  bacl^one.’ 


A  very  recent  use  of  ferrocene  complexes  has  appeared 
in  the  area  of  nonlinear  optical  (NLO)  materials.*  Based  on 
both  theorey  and  experimental*  data,  ferrocene  compounds 
possess  large  hyperpolarizability  values  (i.e.  p).  These  data 
combined  with  excellent  thermal  and  photochemical  stability 
make  ferrocene  systems  a  top  organometallic  candidate  for  use 
in  NLO  materials.*  Our  research  program  has  recently 
demonstrated  that  a  ferrocene  complex  tmund  to  poly(methyl 
methacrylate)  copolymer  can  be  successfully  aligned  and  exhibit 
the  optical  property  of  second  harmonic  generation  (SHG)."* 

We  describe  herein  the  synthesis  of  several  novel 
ferrocene  monomers  and  their  utilization  In  the  preparation  of 
main-chain  organometallic  NLO  polymers. 

Results  &  Discussion 

Crystallographic  Study  of  Ferrocene  NLO-phores 
Treatment  of  ferrocenecarboxaldehyde  with  active  methylene 
compounds  results  in  high  yields  of  the  condensation  product  1 
(eq  1)."  For  the  preparation  of  Ic  and  Id  we  employed  lithium 
diisopropylamine  in  place  of  KjCOj.  The  reactions  proceed  in 
nearly  quantitative  yield  with  ito  apparent  side  reactions. 
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Four  ferrocene  NLO-phores  have  been  characterized  by 
single-crystal  molecular  structure  determinations.  Several 
structural  features  are  worth  noting.  In  all  the  systems  we 
have  prepared  to  date  the  cyano  groim  is  found  in  a  Z- 
relationshlp  to  the  ferrocenyl  moiety.  Tne  coplanarity  of  the 
system  appears  related  to  the  electronic  nature  of  the 
substituents  on  the  vinyl  group.  Notably,  the  p-bromophenyl 
group  in  Id  is  rotated  considerably  out  plane  from  the  n- 
system;  whereas,  it  can  be  seen  that  the  4-pyridyl  in  Ic  is 
neatly  coplanar  with  the  Jt-s)rstem. 

Monomer  Synthesis.  Through  chemistry  developed  in 
our  laboratory  we  can  prepare  complex  2  starting  from  readily 
available  materials.  Compound  2  is  smoothly  O-alkylated  and 
then  treated  with  n-BuLi  and  I^IF  to  afford  complex  3  (Scheme 
1).  Removal  of  the  dImethyl-ferf-buWlsilyl  protecting  group 
using  tetrabutylammonlum  fluoride  affords  complex  4  whicn 
serves  as  a  pivotal  intermediate  in  our  synthetic  strategy. 
Treatment  of  4  with  ethyl  cyanoacetate  in  the  presence  of 
potassium  carbonate  affords  monomer  5  in  high  yield. 
Coupling  of  4  with  cyanoacetic  acid  using 
dicyclohexylcarbodiimide  (DCC)  affords  the  AB  monomer  6. 
Monomer  6  is  found  to  be  very  base  sensitive  and  rapidly 
undergoes  an  intramolecular  Knoevenagel  condensation  which 
makes  purification  procedures  extremely  difficult. 

Scheme  1 


